Abstract. The neutron capture cross section for 90 Zr(n, γ) has recently been determined using surrogate 92 Zr(p, dγ) data and nuclear reaction theory [1] . That work employed an approximate fitting method based on Bayesian Monte Carlo sampling to determine parameters needed for calculating the 90 Zr(n, γ) cross section. Here, we improve the approach by introducing a more sophisticated Markov Chain Monte Carlo sampling method [2] . We present preliminary results.
Neutron capture cross sections can be measured by bombarding a sample of target nuclei with neutrons and detecting decay products. Such measurements cannot be completed in the laboratory when the target isotopes have half-lives that are short compared to timescales relevant to the experiment. This leaves critical gaps in nuclear data libraries. To predict the missing data, nuclear cross section calculations can, in principle, be carried out using statistical HauserFeshbach (HF) models [3] . In compound nuclear reactions, a compound nucleus (CN) is formed, which then decays through the available decay channels. These channels and the probability of each being taken depends on the nuclear level densities and γ-ray strength function of the CN. The general lack of nuclear structure information for medium to heavy mass nuclei leads to the need for indirect constraints on the corresponding HF parameters. The surrogate method [4] obtains these constraints using measurements of the same CN decay observed in alternative reactions.
Specifically, in Ref. [1] the decay of the CN 91 Zr was modeled using parametrized (phenomenological) forms for the level density and γ-ray strength function. The parameters were fitted to measured 92 Zr(p, dγ) data from a surrogate experiment and subsequently used to calculate the desired 90 Zr(n, γ) cross section. A Bayesian Monte Carlo approach was employed, which provided an average (n, γ) cross section, along with a variance, yielding an uncertainty band that is symmetric around the mean. Here, we improve the parameter estimation by introducing a Markov-Chain Monte Carlo (MCMC) approach for sampling the HF parameter space, generating a probability distribution for each parameter without visiting every combination of parameters. We employ a Metropolis-Hastings
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MCMC algorithm, and explore convergence of the sampling process. We constrain five parameters in the composite Gilbert-Cameron level density model, and nine parameters in the γ-ray strength function description. The prior distributions for each parameter are finite and flat, and centered around recommended parameter values from RIPL-3 [3] . The posterior parameter distribution we obtain is sampled, yielding the 90 Zr(n, γ) cross section shown in Figure 1 . The result is seen to be in agreement with the TENDL 2015 and ENDF/B-VII.1 evaluations, both of which are based on directly-measured data. In future work we will investigate correlations among the model parameters.
Fig. 1. Preliminary
90 Zr(n, γ) cross section obtained indirectly from 92 Zr(p, dγ) data using the newly-developed MCMC approach. The solid (blue) curve is the median value and the solid (blue) band indicate the 68% confidence interval. For comparison, the Talys Evaluated Nuclear Data Library (TENDL) [5] and the Evaluated Nuclear Data File (ENDF) library results are shown a well [6] .
